C hest pain is a major symptom of ischemic heart disease such as angina pectoris (AP) and acute coronary syndrome (ACS); therefore, it is important to identify and diagnose the causes of pain in these patients. 1, 2 The main mechanism of AP is the imbalance between oxygen demand and supply in the myocardium. Obstructive coronary stenosis, coronary artery spasm (CAS), and myocardial bridge (MB) are well-known causes of myocardial ischemia. [1] [2] [3] [4] [5] [6] CAS is a wellknown endothelial dysfunction, and MB is substantially implicated in a high incidence of CAS; thus, both MB and CAS are major causes of vasospastic angina. [2] [3] [4] Therefore, if the cause of chest pain is judged to be cardiovascular, clinicians usually evaluate coronary arteries with electrocardiography, stress test, cardiac computed tomography scans, and coronary angiography, (CAG) including the intracoronary acetylcholine (ACH) or ergonovine provocation test. 2 Obstructive coronary stenosis requires active treatment with mechanical revascularization and drug intervention, as it is known to be closely related to poor prognoses such as ACS, myocardial infarction (MI), and death. 1 However, if no significant coronary lesion is seen on CAG despite chest pain, the scope of determining the prognosis and its association are limited.
Materials and Methods
The design of this registry has been introduced before. 3, 4, [6] [7] [8] In brief, it is a single-center, prospective, all-comers registry designed to reflect the "real-world" practice since 2004. Data were collected by a trained study coordinator using a standardized case report form. Standardized definitions for all patient-related variables and clinical diagnoses were used. The participants or their legal guardians were given a thorough literal and verbal explanation of the study procedures before they provided written consent to participate in the study. The Institutional Review Board (IRB) of Korea University Guro Hospital approved all the procedures where the patients had provided consent. The authors of this paper have certified that the information contained herein is true and correct as reflected in the records of the IRB (#KUGH10045). The Korea University Guro Hospital IRB specifically approved this entire study. A total of 10 177 subjects with typical or atypical chest pain who underwent CAG at the cardiovascular center of Korea University Guro Hospital, Seoul, Korea between November 2004 and May 2014 were enrolled for this study. Among these, 5890 subjects with typical or atypical chest pain and without significant coronary artery stenosis (defined as having a stenosis diameter of <70%, as seen on the quantitative coronary angiography) underwent an intracoronary ACH provocation test (Figure 1 ). Patients were excluded if they had any of the following conditions: coronary artery bypass graft, prior percutaneous coronary intervention, stroke, advanced heart failure (HF; New York Heart Association class III or IV) or serum creatinine >2 mg/dL, because these conditions could be major causes of adverse cardiovascular events and could bias the results.
ACH Provocation Test
The design of the ACH provocation test has been introduced in prior studies. 3, 4, [6] [7] [8] • Among patients with chest pain without significant coronary artery disease, coronary artery spasm (CAS), myocardial bridge (MB), and/or insignificant coronary stenosis (ICS) have been frequently found.
• From a long-term clinical evaluation of patients without coronary artery disease, aging and ICS were strongly associated with major adverse cardiac events. Further, aging, dyslipidemia, ICS, CAS, and MB were strongly associated with sustained angina pectoris.
• Additionally, during the 5-year follow-up period, a minority of enrolled patients experienced stroke (0.6%) and heart failure (0.8%).
What Are the Clinical Implications?
• When clinicians are evaluating the cause of chest pain, it may be judged to be cardiovascular if the physician suspects the presence of CAS, MB, and ICS despite absence of significant coronary artery disease.
• In particular, CAS, MB, and ICS may exist independently but could also appear in combination with one another.
• The combination of CAS, MB, and/or ICS was associated with poor long-term clinical outcomes compared with single factors. The presence of ICS was the strongest independent predictor for major adverse cardiac events and sustained angina pectoris; therefore, patients with chest pain and ICS should be carefully treated and need close clinical follow-up, even in the absence of significant coronary artery disease.
of each artery. The mean reference vessel diameter was used to assess diameter narrowing by quantitative comparative analysis.
Study Definition
In the present study, significant CAS was defined as >70% luminal narrowing of the artery during the ACH provocation test, regardless of ischemic electrocardiography changes or presence of chest pain. 3, 6 MB was defined as having a characteristic phasic systolic compression of the coronary artery, with a decrease of >30% in diameter on the CAG after intracoronary nitroglycerin infusion, which is exclusively performed in the left anterior descending coronary artery, mostly in the anterior-posterior cranial or right anterior oblique cranial projections. 3 Insignificant coronary stenosis (ICS) was defined as having a fixed stenosis of <70% in the epicardial coronary artery; this was further divided into 2 groups according to the severity of ICS (mild, 30%-49%; moderate, 50%-69%). 6 Major adverse cardiac events (MACE) were defined as the composite of total death; MI; stroke, hospitalization because of HF; and revascularization, including percutaneous coronary intervention, and coronary artery bypass graft. Deaths were regarded to be attributable to a cardiac cause unless a noncardiac death could be confirmed. Repeat CAG (mostly due to sustained AP) was performed in patients who complained of recurrent angina despite adequate antianginal medication for at least 6 months since the first CAG was performed. In such cases, the physician assumed that the CAS may have progressed or there may be newly developing atherosclerotic CAD. Data are presented as N (%) or meanAESD. MACE was defined as the composite of total death, MI, coronary revascularization, stroke, and hospitalization because of HF. ACEI indicates angiotensin converting enzyme inhibitors; ACH, acetylcholine; ARB, angiotensin receptor blockers; CAS, coronary artery spasm; HF, heart failure; MACE, major adverse cardiac events; MI, myocardial infarction.
Study End Points
The primary end point was MACE. The secondary end point was the recurrent angina requiring repeat CAG.
Results
For this study, a total of 5890 subjects with chest pain without significant CAD were ultimately enrolled. The median age of the subjects was 55.7 (range, 18.0-89.7) years. Baseline clinical and angiographic characteristics and 5-year clinical outcomes are shown in Table 1 . All enrolled subjects underwent CAG and the ACH test; 14.4% had ICS, 14.5% had MB, and 57.6% had CAS. CAS, MB, and ICS affect each other, and these combinations are shown in Figure 1 . In the 5-year clinical follow-up, the incidence of MACE was 2.2%; the all-cause death was 0.4%, MI was 0.3%, coronary revascularization was 0.4%, stroke was 0.6%, and hospitalization due to HF was 0.8%. The incidence of sustained AP was 8.1%. Table 2 shows the hazard ratio of various risk factors on MACE or sustained AP by univariate and stepwise multivariable Cox proportional hazards model analysis. We confirmed that the assumption of proportional hazards was met; the presence of nonsignificant coronary lesions such as CAS, MB, and ICS also can lead to MACE or sustained AP at long-term follow-up. As a result, MACE was significantly associated with age and ICS. Sustained AP was significantly associated with age, dyslipidemia, ICS, CAS, and MB. Figure 2A and 2B shows the 5-year clinical outcome for MACE or sustained AP according to the combination of CAS, MB, and ICS. Patients without CAS, MB, and ICS had a MACE of 1.1%, but the patients with ICS had a MACE of 3.5% to 7.8% MACE was defined as the composite of total death, myocardial infarction, coronary revascularization, stroke, and hospitalization because of heart failure. HR indicates hazard ratio; MACE, major adverse cardiac events.
at 5-year follow-up (Figure 2A) . Additionally, the patients without CAS, MB, and ICS had a sustained AP of 4.7%, but the patients with ICS had a sustained AP of 10.6% to 36.1% at 5-year follow-up ( Figure 2B ).
Discussion
The main findings of this study are summarized as follows: (1) among the patients with chest pain without significant CAD, 68.3% had CAS, MB, and/or ICS; (2) of these patients, within the 5-year follow-up, MACE was occurring in 2.2%, and the main cause of MACE was hospitalizations because of HF (0.8%) and stroke (0.6%); sustained AP was occurring in 8.1% despite antiangina treatments; and (3) on multivariable Cox proportional hazards regression analysis, the main causes of MACE were related to aging and ICS; additionally, aging and ICS, along with dyslipidemia, MB, and CAS, were related to the chief causes of sustained AP.
In particular, ICS was seen as the strongest risk factor for MACE and sustained AP. Obstructive coronary stenosis is a well-known cause of ischemic heart disease such as AP, MI, ACS, and even sudden cardiac death. A majority of these patients present with chest pain.
1,2,9,10 The risk factors and prognoses of these patients are being studied extensively. However, among patients who complain of chest pain without gastrointestinal disease, a large number of patients also appear to have normal coronary arteries in the CAG test. 1-3,5,6,9,10 Data on the causes or prognoses of these patients are, however, currently limited. Patients in this category are mostly known to have a poor prognosis. 8, 10, 11 The range of patients with normal coronary arteries in the ACS group was reported to be as high as 20% to 28%. 10, 12 In the CASPAR (Coronary Artery Spasm in
Patients With Acute Coronary Syndrome) study, it was reported that ACS patients without culprit lesion and proof of CAS have an excellent prognosis for survival at 3 years compared with patients with obstructive ACS (1% versus 19%; P<0.01). 10 In contrast, in a Korean acute MI registry study, patients with near-normal coronary angiograms had similar survival rates compared with patients with 1-or 2-vessel disease presenting with an acute MI (2.6% versus 2.2%; P=0.952). 10 Therefore, it is necessary to clearly evaluate the long-term clinical outcome and its association in patients with chest pain without significant CAD.
In the present study, among the patients with chest pain without significant CAD, 57% had CAS, MB (14%), and/or ICS (14%). Although many studies have shown normal coronary arteries in a similar population, a high rate of CAS has been reported. 10, 12, 13 Regarding patients with ACS, the CASPAR study in Germany and the United Kingdom reported that 28% (138/488) of patients were without any culprit lesions and 48% (37/76) of these patients were diagnosed with epicardial CAS on performing the ACH test; Satoh et al 12 reported
that, in their study, 20% (130/645) patients had no coronary stenosis and 54% (70/130) of these patients were diagnosed with CAS on performing the ACH test. 10 Similar to our study population, Ishii et al 13 reported that 79% (1402/1760) of the patients with typical or atypical angina-like chest pain were determined to have no significant organic stenosis, and 45% (640/1402) of these patients were diagnosed with CAS on performing the ACH test. Our prior studies have also reported that MB and ICS were significantly related to CAS. 3, 6 Therefore, the results of previous studies and our study show that CAS, MB, and ICS are the major causes of chest pain in patients who present with chest pain without significant CAD. 3, 5, 6, 9, 10, 12, 13 However, the incidence of CAS varies according to ethnicity, social characteristics, provocation methods, and definition of CAS. 14 Traditionally, it is known that Far Eastern countries (Japan, 40.9%-79%) have reported a higher incidence of CAS than Western countries B shows the 5-year cumulative incidence of sustained angina pectoris according to the combination of coronary artery spasm (CAS), myocardial bridge (MB), and insignificant coronary stenosis (ICS). MACE was defined as the composite of total death, myocardial infarction, coronary revascularization, stroke, and hospitalization because of heart failure.
(France, 15.5%; Germany, 49%) by ACH test. The source data of our study was a Korean population at a single center, so the results of this study cannot be generalized to all ethnicities. Our study excluded patients with a history of cardiovascular disease, stroke, and HF, so the risk of cardiovascular disease seemed to be relatively low. Nevertheless, of these patients, within the 5-year follow-up, patients with sustained AP (8.1%) and MACE (2.2%) were hospitalized. On performing multivariable Cox proportional hazards regression analysis, the incidence of MACE was seen to be correlated with aging and ICS. Similarly, sustained AP was found to be correlated with aging, dyslipidemia, ICS, MB, and CAS within 5 years of follow-up. Similar to our study results, the CASPAR study and the study by Bory et al 15 16 reported that ICS at the CAS site is an independent association for long-term major cardiac events (hazard ratio, 4.5, 95% CI, 1.7-11.9; P=0.002) in patients with ergonovineinduced CAS. Therefore, evaluation of long-term clinical outcomes with CAG results and ACH tests is required. In the present study, which was a long-term clinical evaluation of MACE after a combination of CAS, MB, and ICS, all combinations of ICS are seen as the strongest association for both MACE and sustained AP. Additionally, during the 5-year follow-up period stroke (0.6%) and HF (0.8%) were the most frequent events. Among the patients with chest pain without significant CAD, it is necessary to carefully evaluate the risk of stroke and HF. This study has several limitations. First, the ACH test can identify epicardial CAS, but microvascular CAS confirmation should be symptomatic. In this study, only epicardial CAS was defined as CAS. Second, previous studies have defined CAS from 70% narrowing of the coronary artery to subtotal or total occlusion. [5] [6] [7] 17 In the Japanese Circulation Society's guidelines for diagnosis and treatment of patients with vasospastic angina, a significant CAS is defined as transient, total, or subtotal occlusion (>90% stenosis) of the artery during the drug-induced CAS provocation test. 17 Though 70% narrowing may be less stringent than total occlusion, the more severe the spasm, the higher would be the chance of hemodynamic instability and advanced atrioventricular block during the ACH provocation test. Because most of the ACH provocation tests were performed at the outpatient base by the 4F radial approach, patient safety was regarded as the first priority.
Third, routine myocardial stress tests such as single-photon emission computed tomography, exercise treadmill, and dobutamine stress echocardiography were not performed because of the assumption of a limited possibility of significant fixed coronary artery stenosis in patients suffering from mainly resting ischemic chest pain suspicious for vasospastic angina, not effort-induced angina. Finally, we could not gather any detailed follow-up data on antiangina medication during the follow-up. However, all patients received antiangina medication until they were free of angina symptoms and in clinical remission, although the medication type and duration were based on the discretion of the individual physicians. Further well-designed and longer-term follow-up studies are needed to obtain more accurate answers to all these questions.
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